Hirschsprung's disease (aganglionic megacolon, HSCR) is a frequent condition of unknown origin (1/5000 live births) resulting in intestinal obstruction in neonates and severe constipation in infants and adults. In the majority of cases (80%), the aganglionic tract involves the rectum and the sigmoid colon only (short segment HSCR), while in 20% of cases it extends toward the proximal end of the colon (long segment HSCR). In a previous study, we mapped a gene for long segment familial HSCR to the proximal long arm of chromosome 10 (lOql 1.2 Here, we show that long segment and short segment familial HSCR are tightly linked to the RET locus and that mutations of the RET proto-oncogene occur in both clinical forms, suggesting that short segment and long segment familial HSCR may be considered as the variable clinical expression of mutations at the RET locus.
Abstract
Hirschsprung's disease (aganglionic megacolon, HSCR) is a frequent condition of unknown origin (1/5000 live births) resulting in intestinal obstruction in neonates and severe constipation in infants and adults. In the majority of cases (80%), the aganglionic tract involves the rectum and the sigmoid colon only (short segment HSCR), while in 20% of cases it extends toward the proximal end of the colon (long segment HSCR). In a previous study, we mapped a gene for long segment familial HSCR to the proximal long arm of chromosome 10 (lOql 1.2). Further linkage analyses in familial HSCR have suggested tight linkage of the disease gene to the RET protooncogene mapped to chromosome 10q11.2. Recently, nonsense and missense mutations of RET have been identified in HSCR patients. However, the question of whether mutations of the RET gene account for both long segment and short segment familial HSCR remained unanswered.
We have performed genetic linkage analyses in 11 long segment HSCR families and eight short segment HSCR families using microsatellite DNA markers of chromosome lOq. In both anatomical forms, tight pairwise linkage with no recombinant events was observed between the RET proto-oncogene locus and the disease locus (Zmax = 2-16 and Zmax = 5 38 for short segment and long segment HSCR respectively at 0 = 0%). Multipoint (1) increased acetylcholinesterase histochemical staining in nerve fibres on suction biopsies of the rectal submucosall and (2) absence of neuronal ganglia on operative histochemical or histological evaluation of the aganglionic tract. Families were divided into two groups according to the length of the aganglionic tract: (1) long segment HSCR (families 1-11, fig 1) when aganglionosis extended beyond the sigmoid colon (total colonic aganglionosis and aganglionosis involving the small intestine were included in this group),'2 and (2) DIOS196, and DlOS207 (table) . Multipoint linkage analyses were performed in the two groups to estimate the best position of the HSCR gene. Using this procedure, the maximum likelihood estimate for the position of both short segment and long segment familial HSCR genes was at the RET locus (maximum multipoint lod scores in log base 10 of 2 29 and of 5 98 for short segment and long segment HSCR respectively, fig 3) . Heterogeneity tests provided evidence for homogeneity of the two conditions (not shown).
GENOTYPE-PHENOTYPE CORRELATIONS IN HSCR FAMILIES
We have previously reported on point mutations of the RET proto-oncogene in four HCSR families linked to chromosome lOql 1.2 and two additional families.9 Fig 4 shows that these mutations resulted in either amino acid substitutions (mutations R330Q, S32L, and P64L; families 2, 5, and 15 respectively) or protein termination (mutation R18OX, family 3). Interestingly, the R18OX nonsense mutation in family 3 was observed in two patients with long segment HSCR and in their unaffected mother (figs 1 and 4A). Similarly, the P64L missense mutation was observed in a proband with short segment HSCR and in two persons with severe constipation (family 15, figs 2 and 4B). In family 2, the R330Q missense mutation was found in one patient with short segment HSCR, one patient with long segment HSCR, and in three unaffected subjects (figs 1 and 4C) . Finally, the S32L missense mutation in family 5 was found in a patient with long segment HSCR, in two patients with short segment HSCR, in a subject with severe constipation (not shown) and in an unaffected subject (family 5, figs 1 and 4D ). Discussion Hirschprung's disease is a frequent and severe cause of intestinal obstruction which has long been regarded as a sex modified multifactorial condition (sex ratio = 39 boys/l girl). 20 Indeed, several lines of evidence suggest the involvement of genetic factors in this disease'6 including (1) the increased risk to sibs (4-19%),1621 (2) the dominant pattern of inheritance in several pedigrees of long segment HSCR,22 (3) 
